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I .  I n t r o d u c t i o n  

I n  the  p lanned  m i s s i o n  c o n f i g u r a t i o n  t he  Apollo 
Lunar  Module (LM) w i l l  be  r e q u i r e d  t o  rendezvous  w i t h  t h e  
o r b i t i n g  Command and S e r v i c e  Module (CSM). O p t i c a l  t e c h -  
n i q u e s ,  and a n  X-band r a d a r  having  r a n g e ,  r ange  r a t e  and 
a n g l e  r e a d o u t s  aboa rd  t h e  LM, w i l l  be used  to accompl i sh  
t h e  r endezvous .  I n  an  emergency, however,  t h e  CSM may be  
r e q u i r e d  t o  rendezvous  w i t h  t h e  LM. A VHF r a n g i n g  sys tem,  
p r o v i d i n g  a r ange  r e a d o u t  aboard  t h e  CSM i s  b e i n g  developed  
t o  add t h i s  c a p a b i l i t y  to t h e  o v e r a l l  sys tem.  The pur -  
p o s e  o f  t h i s  memorandum i s  to d e s c r i b e  t h i s  sys tem as i t  
p r e s e n t l y  e x i s t s .  1 

The new r a n g i n g  sys tem c o n s i s t s  o f  a D i g i t a l  
Ranging G e n e r a t o r  (DRG) which i s  to i n t e r f a c e  w i t h  a 
m o d i f i e d  VHF t r a n s c e i v e r  aboard  t h e  CSM ( s e e  F i g u r e  1) 
and a Range Tone T r a n s f e r  Assembly (RTTA) which i s  to 
i n t e r f a c e  w i t h  a s imi la r  t r a n s c e i v e r  aboa rd  t h e  LM (see  
F i g u r e  2 ) .  The t r a n s c e i v e r s  w i l l  be used  to e s t a b l i s h  
t h e  two-way communications l i n k  between t h e  LM and CSM. 

The DRG g e n e r a t e s  c o a r s e  (low f r e q u e n c y ) ,  mid 
(medium f r e q u e n c y ) ,  and f i n e  ( h i g h  f r e q u e n c y )  s q u a r e  wave 
t o n e s  which a re  used  to ON-OFF key (100% AM) t h e  CSM 
t r a n s m i t  c a r r i e r .  Tones are  s e l e c t e d  a c c o r d i n g  to a 
p a r t i c u l a r  sequence  most s u i t a b l e  f o r  a c q u i s i t i o n  and lock -  
up o f  t h e  r a n g i n g  sys tem;  t h e  s e q u e n t i a l  s e l e c t i o n  of  t o n e s  
i s  per formed a u t o m a t i c a l l y  i n  t h e  DRG. 

The  LM V'HF r a n g i n g  t r a n s p o n d e r ,  c o n s i s t i n g  of  the 
VHF t r a n s c e i v e r  and t h e  RTTA, r e c e i v e s  and  d e t e c t s  t h e  t o n e s  
from t h e  CSM. It s h o u l d  be no ted  that  t h e  c o a r s e  t o n e  i s  
added (modulo-2) to t h e  mid t o n e  when t h e  c o a r s e  t o n e  i s  
t r a n s m i t t e d  o v e r  t h e  VHF l i n k s ;  t h i s  combined t o n e  i s  r e f e r r e d  
t o  as  t h e  m i d  and c o a r s e  t o n e .  I f  a m i d  t o n e  or m i d  and 
c o a r s e  t o n e  i s  d e t e c t e d  a t  t h e  LM, i t  i s  s imply  r emodu la t ed  
on t h e  r e t u r n  VHF l i n k  to t h e  CSM. If t h e  f i n e  t o n e  i s  
r e c e i v e d  a t  t h e  LM, however, a f i n e  t o n e  t r a c k i n g  l o o p  i n  t h e  
RTTA i s  employed to r e g e n e r a t e  t h e  f i n e  t o n e  p r i o r  t o  modula- 
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t i o n  of  t h e  r e t u r n  l i n k  t o  t h e  CSM. By u s i n g  t h i s  nar row 
band l o o p  t o  phase  l o c k  t h e  l o c a l  v o l t a g e  c o n t r o l l e d  c r y s t a l  
o s c i l l a t o r  (VCXO) t o  t h e  r e c e i v e d  f i n e  t o n e  s i g n a l ,  a 
r e l a t i v e l y  n o i s e - f r e e  f i n e  t o n e ,  which i s  c o h e r e n t  w i t h  t h e  
r e c e i v e d  f i n e  t o n e ,  can b e  g e n e r a t e d  f o r  t r a n s m i s s i o n  t o  t h e  
CSM. 

The DRG compares t h e  phase  between i t s  t r a n s m i t t e d  
t o n e s  and t h e  t o n e s  r e c e i v e d  from t h e  LM. The  DRG d e r i v e s  
t h e  r a n g e  number from t h i s  comparison and p r e s e n t s  a r a n g e  
r e a d o u t  t o  t h e  e x t e r n a l  d i s p l a y  and computer .  A maximum 
unambiguous r ange  of 327  n .  m i l e s  i s  a t t a i n a b l e  u s i n g  t h e  D R G .  

I n  a d d i t i o n  t o  t h e  r a n g i n g  a l o n e  mode d e s c r i b e d  
above ,  t h e  new sys tem p r o v i d e s  a v o i c e  p l u s  r a n g i n g  mode. 
S imul t aneous  v o i c e  and r ang ing  i s  a c h i e v e d  by  c l i p p i n g  t h e  
v o i c e  i n  t h e  k e y e r  and u s i n g  t h e  r e s u l t a n t  b i p o l a r  waveform 
t o  gate  t h e  r a n g i n g  f i n e  t o n e  on and o f f .  Voice t r a n s m i s s i o n  
i s  n o t  a l l o w e d  whi l e  t h e  m i d  t o n e  or m i d  and c o a r s e  t o n e  i s  
b e i n g  t r a n s m i t t e d  d u r i n g  t h e  a c q u i s i t i o n  phase  of t h e  r a n g i n g  
sequence .  

Voice p l u s  r a n g i n g  o p e r a t i o n  d e g r a d e s  t h e  r e c e i v e  
v o i c e  and r a n g i n g  SNRs; however, t h e  t h e o r y  of  o a e r a t i o n  of  
t h e  DRG and RTTA r ema ins  t h e  same. Thus,  no d i f f e r e n t i a t i o n  
between these  two modes i s  c o n s i d e r e d  f o r  t h e  p u r p o s e s  o f  
d e s c r i b i n g  t h e  r a n g i n g  system. 

11. D i g i t a l  Ranging Genera tor  ( D R G )  

A .  Range Tone Genera to r  

A s  shown i n  F i g u r e  3 ,  t h r e e  b a s i c  r a n g i n g  t o n e  
f r e q u e n c i e s  are  d e r i v e d  i n  a 1 3 - s t a g e  d i v i d e r  c h a i n  which,  i n  
t u r n ,  i s  d r i v e n  b y  a s t a b l e  r a n g e  c l o c k .  The b a s i c  s q u a r e  
wave t o n e  f r e q u e n c i e s  a r e  t a b u l a t e d  below. 

T a b l e  I. Bas ic  Tone F r e q u e n c i e s  

F i n e  Tone 31.6kHz 

Mid Tone 3 - 95kHz 
Coarse  Tone 247Hz 

Note t h a t  t h e  f i n e  t o n e  i s  delayed p r i o r  t o  t r a n s -  
m i s s i o n .  D e t e c t i o n  of t h e  mid t o n e  or t h e  m i d  and c o a r s e  
t o n e  ( a t  t h e  LM and C S M )  i s  per formed a t  t h e  r e c e i v e r  e n v e l o p e  
d e t e c t o r  which f o l l o w s  t h e  IF ,  w h i l e  d e t e c t i o n  of t h e  f i n e  t o n e  
o c c u r s  a t  t h e  r e c e i v e r  ga te  which p r e c e d e s  t h e  I F .  The addi-  
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t i o n a l  d e l a y  of t h e  f i n e  tone  i n c u r r e d  a t  t h e  r a n g e  t o n e  
g e n e r a t o r  i s  r e q u i r e d  s o  t h a t  t o t a l  round t r i p  equipment  
d e l a y  i s  t h e  same f o r  a l l  t h r e e  t o n e s .  

B e f o r e  t r a n s m i s s i o n ,  t h e  c o a r s e  t o n e  i s  added 
(modulo-2) t o  t h e  mid  t o n e ;  t h i s  i s  e q u i v a l e n t  t o  1 / 2  c y c l e  
phase  modu la t ion  of  t h e  m i d  t o n e  by t h e  c o a r s e  t o n e .  By 
u s i n g  t h i s  PM t e c h n i q u e  i t  is  p o s s i b l e  t o  send  b o t h  t h e  m i d  
and c o a r s e  f r e q u e n c i e s  s i m u l t a n e o u s l y .  T h i s  f e a t u r e  o f f e r s  
c o n s i d e r a b l e  advan tage  when locking-up  t h e  r e c e i v e  p o r t i o n  
o f  t h e  r a n g i n g  sys t em.  The t o n e s  a v a i l a b l e  f o r  t r a n s m i s s i o n  
a re  shown below. 

T a b l e  11. Transmit  Tone F r e q u e n c i e s  

F i n e  Tone 31.6kHz 
Mid Tone 3.95kHz 
Coarse  and Mid Tone 2 4 7  H z $  3.95 kHz 

Each of  t h e  t o n e s  i s  s e l e c t e d  a c c o r d i n g  t o  t h e  p r e d e t e r m i n e d  
sequence  i n  t h e  programmer. O p e r a t i o n  of  t h e  t o n e  s e l e c t  
s w i t c h  i s  c o n t r o l l e d  by t h e  programmer; t h e  s e l e c t e d  t o n e  
k e y s  t h e  t r a n s m i t t e r  ON-OFF. Timing f o r  t h e  programmer i s  
p r o v i d e d  by a 2 4 7  Hz s i g n a l  f rom t h e  d i v i d e r  c h a i n .  

T h e  sequence  and t i m e  d u r a t i o n  of  t h e  t o n e s  have 
been  chosen  to a l l o w  for prope r  a c q u i s i t i o n  and t r a c k i n g  o f  
t h e  r a n g i n g  t o n e s  i n  t h e  RTTA and D R G .  The programmer sequence ,  
and f u n c t i o n s  per formed b y  t h e  sys tem d u r i n g  each  t i m e  i n t e r -  
v a l ,  a re  shown i n  T a b l e  111. It shou ld  b e  n o t e d  t h a t  t h e  
s y s t e m  w i l l  be  c l e a r e d  a u t o m a t i c a l l y  i f  r a n g e  r a t e  i n  e x c e s s  
o f  1 9 0 0  f t / s e c  o c c u r s ,  o r  i f  p r o p e r  a c q u i s i t i o n  of  t h e  r a n g i n g  
t o n e s  d u r i n g  t h e  a l l o t t e d  t i m e  i n t e r v a l  i s  n o t  a c h i e v e d .  Once 
t h e  sys t em i s  c l e a r e d ,  manual re-s tar t  o f  t h e  r a n g i n g  sequence  
i s  n e c e s s a r y  i f  a d d i t i o n a l  r a n g e  measurements  a r e  des i r ed .  

B.  Three  Tone Tracke r  

1, Gefieral 

The t h r e e  tone'  t r a c k e r  c o n s i s t s  o f  a 1 3 - s t a g e  
d i v i d e r  c h a i n  s imi l a r  t o  t h e  d i v i d e r  c h a i n  i n  t he  r a n g e  t o n e  
g e n e r a t o r  (see F i g u r e  1). The t r a c k e r  i s  d r i v e n  by t h e  
same r a n g e  c l o c k  s i g n a l .  P u l s e  l o g i c  and phase  l o c k  l o o p s  
a r e  i n t e g r a t e d  w i t h  t h e  d i v i d e r  c h a i n  such  t ha t  t h e  b a s i c  
t o n e  f r e q u e n c i e s  g e n e r a t e d  i n  t h e  d i v i d e r  can  be a l i g n e d  i n -  
p h a s e  w i t h  t h e  r e c e i v e d  r a n g i n g  t o n e s .  The p u l s e  l o g i c  can 
s h i f t  t h e  phase  of t h e  t r a c k e r  g e n e r a t e d  t o n e s  by a d d i n g  or 
d e l e t i n g  p u l s e s  t o  t h e  d i v i d e r  c h a i n  u n t i l  a n  in-phase  con- 
d i t i o n  o c c u r s .  A d e l a y  l i n e  p r o v i d e s  v e r n i e r  a d j u s t m e n t  o f  
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t h e  phase  such  t h a t  a r e s o l u t i o n  of 0 . 0 1  n .  mile  i s  a t t a i n a b l e .  
Once t h e  t o n e s  have been a c q u i r e d ,  r a n g e  can  be de te rmined  by 
comparing t h e  d i g i t a l  r eadou t  o f  t h e  t r a c k e r  d i v i d e r  s t a t e  to 
t h e  d i g i t a l  r e a d o u t  of  t h e  range  t o n e  g e n e r a t o r  d i v i d e r  s t a t e ;  
t h i s  i s  accompl ished  i n  t h e  da ta  o u t p u t  p o r t i o n  o f  t h e  DRG. 

The a c q u i s i t i o n  and t r a c k i n g  p r o c e s s  i s  d e s c r i b e d  
s t ep -by- s t ep  below a c c o r d i n g  to t h e  sequence  o f  t o n e s  r e c e i v e d  
by t h e  t r a c k e r .  

2 .  Mid Tone Track ing  Loop 

A s  shown i n  Table  I11 t h e  t r a c k e r  f i r s t  r e c e i v e s  
t h e  m i d  t o n e  f o r  a p e r i o d  of 2 s econds .  Refer to F i g u r e  4 f o r  
a d iagram of  t h e  m i d  t o n e  loop .  A c q u i s i t i o n  and t r a c k  o f  t h e  
m i d  t o n e  i s  accompl ished  as f o l l o w s .  

The r e c e i v e d  m i d  t o n e  from t h e  r e c e i v e r  enve lope  
d e t e c t o r  i s  t h e  r e f e r e n c e  i n p u t  to t h e  p r o d u c t  d e t e c t o r .  The 
3 .95  kHz Q s i g n a l  from t h e  t r a c k e r  d i v i d e r  i s  s e l e c t e d  by t h e  
programmer to be  t h e  second i n p u t  to t h e  p r o d u c t  d e t e c t o r .  
I n i t i a l l y  t h e  t r a c k e r  s i g n a l  i s  a t  some a r b i t r a r y  phase a n g l e  
w i t h  r e s p e c t  t o  t h e  r e f e r e n c e .  

The p r o d u c t  d e t e c t o r  a c t s  as a phase  d e t e c t o r  f o r  
t h e  above two s i g n a l s .  A DC e r r o r  v o l t a g e  i s  produced a t  t h e  
o u t p u t  of  t h e  low pass f i l t e r .  The p o l a r i t y  and magnitude o f  
t h e  e r r o r  v o l t a g e  co r re spond  to t h e  phase  d i f f e r e n c e  between 
t h e  two s i g n a l s .  

The DC-to-pulse c o n v e r t e r  p roduces  p u l s e s  a t  a r a t e  
p r o p o r t i o n a l  to t h e  magnitude o f  t h e  e r r o r  v o l t a g e .  I f  t h e  
e r r o r  v o l t a g e  i s  o f  one p o l a r i t y ,  p u l s e s  a re  g e n e r a t e d  a t  a n  
o u t p u t  which i n c r e a s e s  t h e  s e t t i n g  o f  t h e  forward-backward 
(FB) c o u n t e r .  I f  t h e  e r r o r  v o l t a g e  i s  o f  t h e  o w o s i t e  p o l a r -  
i t y ,  p u l s e s  a re  g e n e r a t e d  a t  an  o u t p u t  which d e c r e a s e s  t h e  
s e t t i n g  of  t h e  FB c o u n t e r .  

I f  t h e  FB c o u n t e r  ove r f lows  i n  t h e  l l forwardl l  d i r e c -  
t?.=~ t h e  p u l s e  l o g l c  i n s e r t s  an e x t r a  p u l s e  between t h e  c l o c k  
p u l s e s  a t  t h e  i n p u t  to t h e  t r a c k e r  d i v i d e r  c h a i n .  The e f f e c t  
o f  t h e  e x t r a  p u l s e  i s  t o  advance t h e  o u t p u t  waveforms by 
0.4911 s e c . i n  t i m e  (one c l o c k  p e r i o d ) .  I f  t h e  FB c o u n t e r  over -  
f l o w s  i n  t h e  "backward" d i r e c t i o n  t h e  p u l s e  l o g i c  de le tes  a 
c l o c k  p u l s e  a t  t h e  i n p u t  to t h e  t r a c k e r  d i v i d e r  c h a i n .  The 
e f f e c t  of t h e  de l e t ed  p u l s e  i s  t o  d e l a y  the o u t p u t  waveforms 
by 0.49~ s e c .  
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Thus t h e  phase of  t h e  m i d  t o n e  g e n e r a t e d  b y  t h e  
t r a c k e r  i s  a d j u s t e d  toward  an  in -phase  c o n d i t i o n  w i t h  r e s p e c t  
t o  t h e  r e c e i v e d  mid t o n e .  P rope r  l o c k  of  t h e  l o o p  o c c u r s  
when the 3 .95  kHz Q s i g n a l  i s  i n  q u a d r a t u r e  w i t h  t h e  r e f e r -  
ence  m i d  t o n e ;  a t  t h i s  t i m e  no e r r o r  v o l t a g e  i s  produced 
and  t h e  loop  w i l l  r emain  i n  a q u i e s c e n t  c o n d i t i o n .  Thus t h e  
t r a c k e r  3 . 9 5  kHz I s i g n a l  (which i s  90" o u t  o f  phase w i t h  
t h e  3 .95  kHz Q s i g n a l )  i s  in -phase  w i t h  t h e  r e c e i v e d  m i d  
t o n e .  

It shou ld  be n o t e d  t h a t  a f a l se  l o c k  c o n d i t i o n  
c o u l d  o c c u r  ? . e .  t h e  3 .95  kHz Q s i g n a l  cou ld  lock-up 180" 
f rom t h e  p r o p e r  lock-up p o i n t .  While t h i s  i s  an u n s t a b l e  
lock-up p o i n t  due to t h e  s l o p e  of  t h e  e r r o r  c h a r a c t e r i s t i c ,  
a f a l s e  l o c k  i s  p o s s i b l e  when t h e  i n i t i a l  a r b i t r a r y  phase  
of  t h e  t r a c k e r  i s  n e a r l y  180°  o u t  of phase w i t h  t h e  p r o p e r  
lock-up p o i n t ,  and when t h e  s y s t e m  i s  " q u i e t "  i . e .  o p e r a t i n g  
u n d e r  h i g h  s i g n a l - t o - n o i s e  c o n d i t i o n s .  Under these  c o n d i t i o n s  
z e r o  l o o p  e r r o r  v o l t a g e  i s  produced .  An a m b i g u i t y  i n d i c a t o r  
and good t r a c k  d e t e c t o r  (see F i g u r e  5 )  are  p r o v i d e d  to a i d  
i n  p r e v e n t i n g  f a l s e  lock-up o f  t h e  loop  and to v e r i f y  c o r r e c t  
l o c k  r e s p e c t i v e l y .  The ambigui ty  i n d i c a t o r  c o n t a i n s  a 
n e g a t i v e  t h r e s h o l d  d e t e c t o r  used  as a n  a c q u i s i t i o n  a i d  f o r  
a c q u i r i n g  t h e  c o a r s e  and m i d  t o n e s .  The good t r a c k  d e t e c t o r  
c o n t a i n s  a p o s i t i v e  t h r e s h o l d  d e t e c t o r  used  f o r  good t r a c k  
v e r i f i c a t i o n  of  a l l  t o n e s .  

The a c q u i s i t i o n  a i d  f o r  m i d  t o n e  l o o p  lock-up i s  
shown i n  F i g u r e  5 .  The r e f e r e n c e  s i g n a l  i n p u t  to t h e  p r o d u c t  
d e t e c t o r  i s  t h e  3.95 kHz r e c e i v e d  s i g n a l .  Dur ing  t h e  i n i t i a l  
p o r t i o n  of  t h e  m i d  t o n e  a c q u i s i t i o n  p e r i o d ,  t h e  programmer 
s e l e c t s  t h e  3.95 kHz I s i g n a l  as t h e  i n p u t  to t h e  p r o d u c t  
d e t e c t o r .  The p r o d u c t  d e t e c t o r  a c t s  as a c o h e r e n t  a m p l i t u d e  
d e t e c t o r  f o r  t h e  3.95 kHz I t r a c k e r  s i g n a l  and t h e  r e c e i v e d  
3 .95  kHz s i g n a l .  I f  t h e  two s i g n a l s  are n e a r l y  180" out -of -  
phase a t  t h e  s t a r t  o f  t h e  a c q u i s i t i o n  p r o c e d u r e ,  t h e  ambigu i ty  
i n d i c a t o r  r e c e i v e s  a n e g a t i v e  v o l t a g e  from t h e  c o h e r e n t  ampl i -  
t u d e  d e t e c t o r .  I f  t h e  n e g a t i v e  v o l t a g e  exceeds  a c e r t a i n  
n e g a t i v e  t h r e s h o l d  v a l u e ,  t h e  ambigu i ty  i n d i c a t o r  s e n d s  a 
t r i g g e r  p u l s e  t o  t h e  l a s t  d i v i d e r  stage o f  t h e  m i d  +-- -  b W 1 1 C  l--- l W U L J .  

T h i s  adds 180" to t h e  t r a c k e r  m i d  t o n e  phase; t h e  t r a c k e r  m i d  
t o n e  t h e n  s h o u l d  be  n e a r  t h e  c o r r e c t  lock-up p o i n t  of  t h e  l o o p .  
The l o o p  now can  e f f e c t  r a p i d  a c q u i s i t i o n  of  t h e  m i d  t o n e .  
Thus ,  a t  t h e  c o n c l u s i o n  o f  t h e  m i d  t o n e  a c q u i s i t i o n  p e r i o d ,  
t h e  3.95 kHz I ( t r a c k e r )  t o n e  s h o u l d  be in-phase  w i t h  t h e  
r e c e i v e d  3.95 kHz t o n e .  
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3 .  A c q u i s i t i o n  Good Track  T e s t  (Mid Tone) 

An a c q u i s i t i o n  good t r a c k  t e s t  i s  per formed 
d u r i n g  t h e  f i n a l  p o r t i o n  of  mid-tone t r a c k  to a s s u r e  t h a t  
t h e  mid-tone loop  i s  locked  a t  t h e  c o r r e c t  p o i n t .  The good 
t r a c k  t e s t  c i r c u i t  i s  shown i n  F i g u r e  5 .  

The programmer a g a i n  s e l e c t s  t h e  3 .95  kHz I 
t r a c k e r  s i g n a l  as one i n p u t  t o  t h e  p r o d u c t  d e t e c t o r  w h i l e  
t h e  r e f e r e n c e  i n p u t  i s  t h e  r e c e i v e d  3 .95  kHz s i g n a l .  The 
p r o d u c t  d e t e c t o r  a c t s  as a cohe ren t  a m p l i t u d e  d e t e c t o r  
f o r  t h e  3.95 kHz I t r a c k e r  s i g n a l  and  t h e  3 . 9 5  kHz r e c e i v e d  
s i g n a l .  

I f  t h e  two m i d  t o n e  s i g n a l s  a re  in -phase ,  a p o s i -  
t i v e  v o l t a g e  i s  produced  which  exceeds  t h e  p o s i t i v e  t h r e s h o l d  
s e t t i n g  of  t h e  good t r a c k  d e t e c t o r .  T h i s  r e s u l t s  i n  a good 
t r a c k  o u t p u t  s i g n a l  to t h e  programmer and t h e  a c q u i s i t i o n  
sequence  i s  a l lowed  t o  c o n t i n u e .  

I f  t h e  two m i d  t o n e  s i g n a l s  a r e  180° out -of -phase  
( f a l s e  l o c k )  a n e g a t i v e  v o l t a g e  i s  produced which canno t  
exceed  t h e  p o s i t i v e  t h r e s h o l d  s e t t i n g  of  t h e  good t r a c k  
d e t e c t o r .  Thus,  a good t r a c k  s i g n a l  i s  n o t  g e n e r a t e d  and t h e  
sys t em i s  c l e a r e d .  

T h e r e f o r e ,  c o r r e c t  o p e r a t i o n  o f  t h e  m i d  t o n e  t r a c k -  
i n g  l o o p  r e s u l t s  i n  a 3 .95  kHz I s i g n a l  which i s  in -phase  w i t h  
t h e  r e c e i v e  m i d  t o n e  i n  t h e  g i v e n  a c q u i s i t i o n  t i m e  o f  2 
s e c o n d s .  I f  t h e  phase  r e s o l u t i o n  o f  t h e  p r o d u c t  d e t e c t o r  i s  
good,  t h e  l a s t  s i x  s t a g e s  o f  t h e  d i v i d e r  i n  t h e  m i d  t o n e  loop  
a re  se t  c o r r e c t l y .  The f i r s t  t h r e e  stages and  t h e  d e l a y  l i n e  
s e t t i n g  p r o v i d i n g  t h e  leas t  s i g n i f i c a n t  b i t s  o f  r a n g e  i n f o r -  
m a t i o n ,  must be r e s o l v e d  u s i n g  t h e  f i n e  t o n e  l o o p  as d i s c u s s e d  
l a t e r .  

4 .  Coarse  Tone Track ing  Loop 

A s  n o t e d  i n  T a b l e  I11 t h e  m i d  and  c o a r s e  t o n e  
i s  t r a n s m i t t e d  f o r  a 2 second p e r i o d  t o  a l low for lock-up of 
t h e  c o a r s e  t o n e  l o o p .  R e f e r  t o  F i g u r e  6 for a d iagram o f  
t h e  c o a r s e  t o n e  l o o p .  Note t h a t  t h e  4 d i v i d e r  s t a g e s  i n  t h i s  
l o o p  were n o t  a d j u s t e d  d u r i n g  m i d  t o n e  a c q u i s i t i o n  s i n c e  these 
s tages  a re  no t  w i t h i n  t h e  m i d  t o n e  l o o p .  Thus,  t h e  t r a c k e r  
247  Hz Q s i g n a l  i s  a t  some a r b i t r a r y  phase  w i t h  r e s p e c t  t o  
t h e  r e c e i v e d  247 Hz s i g n a l .  

Dur ing  t h i s  2 second t i m e  i n t e r v a l  t h e  programmer 
s e l e c t s  t h e  247 Hz 8. @ 3.95  kHz I s i g n a l  as  one i n p u t  t o  t h e  
p r o d u c t  d e t e c t o r .  The r e f e r e n c e  s i g n a l  i n p u t  i s  t h e  r e c e i v e  
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247  Hz @ 3 .95  kHz s i g n a l .  S i n c e  t h e  3 .95  kHz I s i g n a l  i s  
In-phase w i t h  t h e  3.95 kHz r e c e i v e  s i g n a l  due t o  t h e  pre-  
c e d i n g  mid t o n e  a c q u i s i t i o n  p r o c e d u r e ,  t h e  p r o d u c t  d e t e c t o r  
a c t s  as a phase  d e t e c t o r  f o r  t h e  247  Hz Q s i g n a l  and t h e  
r e c e i v e d  2 4 7  Hz s i g n a l .  The c o a r s e  t o n e  l o o p  r e s p o n d s  t o  
an e r r o r  v o l t a g e  i n  t h e  same manner as  t h e  mid t o n e  l o o p .  

The a c q u i s i t i o n  a id  f o r  c o a r s e  t o n e  l o o p  lock-up 
i s  shown i n  Figurse 5 .  The r e f e r e n c e  s i g n a l  i n p u t  t o  t h e  
p r o d u c t  d e t e c t o r  i s  t h e  247  Hz @ 3 .95  kHz r e c e i v e d  s i g n a l .  
Dur ing  t h e  i n i t i a l  p o r t i o n  o f  t h e  c o a r s e  t o n e  a c q u i s i t i o n  
p e r i o d ,  t h e  programmer s e l e c t s  t h e  2 4 7  Hz I @ 3.95 kHz I 
s i g n a l  as t h e  i n p u t  t o  t h e  p roduc t  d e t e c t o r .  S i n c e  t h e  
3 .95  kHz I s i g n a l  i s  in-phase  w i t h  t h e  3 .95  kHz r e c e i v e d  
s i g n a l ,  t h e  p r o d u c t  d e t e c t o r  a c t s  as a c o h e r e n t  a m p l i t u d e  
d e t e c t o r  f o r  t h e  247  Hz I t r a c k e r  s i g n a l  and t h e  r e c e i v e d  
247 Hz s i g n a l .  I f  t h e  two s i g n a l s  a re  n e a r l y  180°  out-of- 
phase a t  t h e  s t a r t  of  t h e  a c q u i s i t i o n  p r o c e d u r e ,  t h e  ambi- 
g u i t y  i n d i c a t o r  s e n d s  a t r i g g e r  p u l s e  to t h e  l a s t  d i v i d e r  
s t a g e  of t h e  c o a r s e  t o n e  l o o p .  T h i s  adds 180" t o  t h e  
t r a c k e r  c o a r s e  t o n e  phase ;  t h e  t r a c k e r  c o a r s e  t o n e  t h e n  
s h o u l d  b e  n e a r  t h e  c o r r e c t  lock-up p o i n t  o f  t h e  loop .  The 
l o o p  now can  e f f e c t  r a p i d  a c q u i s i t i o n  of  t h e  c o a r s e  t o n e .  
Thus,  a t  t h e  c o n c l u s i o n  o f  t h e  c o a r s e  t o n e  a c q u i s i t i o n  
p e r i o d ,  t h e  2 4 7  Hz I t r a c k e r  t o n e  s h o u l d  b e  in-phase  w i t h  
t h e  r e c e i v e d  247 Hz t o n e .  

Any c o a r s e  t o n e  loop  c o r r e c t i o n  p u l s e s  d u r i n g  t he  
f i n a l  p o r t i o n  of  t h e  a c q u i s i t i o n  p e r i o d  r e s u l t  i n  c l e a r i n g  
of t h e  sys t em.  C o r r e c t i o n  p u l s e s  i n d i c a t e  t h a t  t h e  l o o p  
i s  s t i l l  h u n t i n g  a t  t h e  end of t h e  t i m e  i n t e r v a l  a l l o t t e d  
for a c q u i s i t i o n .  

5. Mid and Coarse Tone Track  

The mid t o n e  loop  i s  r e - e n a b l e d  and t h e  m i d  
t o n e  loop  and c o a r s e  t o n e  loop  t r a c k  t h e  r e c e i v e d  m i d  and 
c o a r s e  t o n e  f o r  t h e  succeed ing  2 second p e r i o d .  T h i s  
p e r i o d  a l l o w s  f o r  u p d a t i n g  of t h e  m i d  t o n e  l o o p  which i s  
r e q u i r e d  if' r a n g e  has changed d u r i n g  t h e  p r e c e e d i n g  2 second 
c o a r s e  t o n e  a c q u i s i t i o n  p e r i o d .  A t  t h e  c o n c l u s i o n  o f  th is  
s i m u l t a n e o u s  t r a c k  t h e  4 d i v i d e r  s t a g e s  o f  t h e  c o a r s e  t o n e  
l o o p  and t h e  l a s t  6 d i v i d e r  stages of  t h e  m i d  t o n e  l o o p  should  
be s e t  c o r r e c t l y .  Thus,  t h e  l a s t  1 0  d i v i d e r  s t a g e s  o f  t h e  
t r acke r  d i v i d e r  c h a i n ,  as shown i n  F i g u r e  1, shou ld  b e  set  
c o r r e c t l y .  
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6 .  A c q u i s i t i o n  Good Track  T e s t  (Coar se  Tone) 

An a c q u i s i t i o n  good t r a c k  t e s t  i s  per formed 
d u r i n g  t h e  f i n a l  p o r t i o n  of  t h e  mid and c o a r s e  t o n e  t r a c k  
p e r i o d  t o  a s s u r e  t h a t  t h e  c o a r s e  t o n e  i s  locked  a t  t h e  
c o r r e c t  p o i n t .  Again,  t h e  good t r a c k  d e t e c t o r  ( see  F i g u r e  5 )  
i s  u s e d  f o r  t h i s  t e s t .  

The programmer s e l e c t s  t h e  2 4 7  Hz I @ 3 . 9 5  kHz I 
t r a c k e r  s i g n a l  a s  one i n p u t  to t h e  p roduc t  d e t e c t o r ;  t h e  
r e f e r e n c e  i n p u t  i s  t h e  r e c e i v e d  2 4 7  H z $  3 .95  kHz s i g n a l .  
S i n c e  t h e  3 .95  kHz I s i g n a l  i s  in-phase  w i t h  t h e  r e c e i v e d  
3 .95  kHz s i g n a l ,  t h e  p r o d u c t  d e t e c t o r  a c t s  as a c o h e r e n t  
a m p l i t u d e  d e t e c t o r  f o r  t h e  247 Hz I t r a c k e r  s i g n a l  and t h e  
2 4 7  Hz r e c e i v e  s i g n a l .  

I f  t h e  two c o a r s e  t o n e s  a r e  in -phase ,  a p o s i t i v e  
v o l t a g e  i s  produced which exceeds  t h e  p o s i t i v e  t h r e s h o l d  
s e t t i n g  o f  t h e  good t r a c k  d e t e c t o r .  T h i s  r e s u l t s  i n  a good 
t r a c k  o u t p u t  s i g n a l  to t h e  programmer and  t h e  a c q u i s i t i o n  
sequence  i s  a l lowed to c o n t i n u e .  

I f  t h e  two c o a r s e  t o n e s  are  180°  out of  phase  
( f a l s e  l o c k ) ,  a n e g a t i v e  v o l t a g e  i s  produced which cannot  
exceed  t h e  p o s i t i v e  t h r e s h o l d  s e t t i n g  o f  t h e  good t r a c k  
d e t e c t o r .  Thus,  a good t r a c k  s i g n a l  i s  n o t  g e n e r a t e d  and 
t h e  s y s t e m  i s  c l e a r e d .  

7 .  F i n e  Tone Track ing  Loop 

I n  o r d e r  t o  s e t  t h e  f i r s t  f e w  s t a g e s  o f  t h e  
d i v i d e r  t r a c k e r  c h a i n  and t h e  d e l a y  l i n e ,  t h e  programmer 
s e l e c t s  t h e  f i n e  t o n e  f o r  t r a n s m i s s i o n .  An i n i t i a l  p e r i o d  
of  2 seconds  i s  a l l o c a t e d  f o r  lock-up o f  t h e  LM f i n e  t o n e  
t r a c k i n g  loop  (see S e c t i o n  111). A t  t h e  end of  t h i s  p e r i o d ,  
t h e  programmer e n a b l e s  b o t h  t h e  CSM r e c e i v e r  g a t e  and t h e  
t r a c k e r  f i n e  t o n e  l o o p .  The s u c c e e d i n g  2 seconds  a re  a l l o -  
c a t e d  f o r  a c q u i s i t i o n  of  t h e  t r a c k e r  f i n e  t o n e  l o o p ;  t h e  loop  
i s  shown i n  F i g u r e  7 .  

The f i n e  t o n e  loop  o p e r a t e s  i n  a c o n s i d e r a b l y  
d i f f e r e n t  f a s h i o n  from t h e  mid or c o a r s e  t o n e  l o o p s .  S i n c e  
t h e  f i n e  t o n e  f r equency  may n o t  p a s s  t h r o u g h  t h e  I F  f i l t e r ,  
p h a s e  d e t e c t i o n  of t h e  f i n e  t o n e  must p r e c e d e  t h e  I F .  T h i s  
i s  accompl ished  by phase  modu la t ing  t h e  31 .6  kHz I s i g n a l  
f rom t h e  t r a c k e r  by + 1/16 c y c l e  a t  a s w i t c h i n g  f r equency  o f  
5 . 2 7  kHz. T h i s  l o c a i l y  g e n e r a t e d  r e f e r e n c e  s i g n a l  p a s s e s  
t h r o u g h  t h e  d e l a y  l i n e  t o  t h e  r e c e l v e r  where i t  i s  used  t o  
g a t e  t h e  r e c e i v e d  f i n e  t o n e  on and o f f ,  

- I  
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The g a t i n g  p r o c e s s  p roduces  a 5 . 2 7  kHz e r r o r  
s i g n a l  a n p l i t u d e  modulated on t h e  I F .  P rov ided  t h e  phase  
d i f f e r e n c e  i s  small, t h e  ampl i tude  of t h e  e r r o r  s i g n a l  i s  
p r o p o r t i o n a l  to t h e  phase  d i f f e r e n c e  between t h e  r e c e i v e d  
f i n e  t o n e  and t h e  mean phase  o f  t h e  t r a c k e r  f i n e  t o n e .  The 
e r r o r  s i g n a l  p a s s e s  t h r o u g h  t h e  I F  f i l t e r  and i s  demodulated 
a t  t h e  enve lope  d e t e c t o r .  The a m p l i t u d e  o f  t h e  5.27 kHz 
e r r o r  s i g n a l ,  which i s  i n d i c a t i v e  o f  t h e  phase e r r o r  as  
e x p l a i n e d  above , is o b t a i n e d  by c o h e r e n t  ampl i tude  d e t e c t i o n  
a t  t h e  f i n e  t o n e  loop  p roduc t  d e t e c t o r .  A 5 . 2 7  kHz c o h e r e n t  
s i g n a l  f rom t h e  t r a c k e r  i s  used as t h e  r e f e r e n c e  i n p u t  t o  
t h e  p r o d u c t  d e t e c t o r .  The o u t p u t  o f  t h e  d e t e c t o r  and low 
pass f i l t e r  i s  an  e r r o r  v o l t a g e  p r o p o r t i o n a l  to t h e  phase  
e r r o r  between t h e  t r a c k e r  and r e c e i v e d  f i n e  t o n e s .  

The DC-to-pulse c o n v e r t e r ,  FR c o u n t e r  and p u l s e  
l o g i c  o p e r a t e  i n  t h e  same f a s h i o n  as i n  t h e  m i d  t o n e  l o o p .  
One e x c e p t i o n  i s  t h a t  t h e  p u l s e  r a t e / v o l t  i s  much lower f o r  
t h e  f i n e  t o n e  l o o p .  I n  a t t e m p t i n g  to c o r r e c t  t h e  phase  o f  
t h e  t r a c k e r  f i n e  t o n e ,  t h e  t a p s  o f  t h e  d e l a y  l i n e  a re  
s w i t c h e d  o v e r  t h e  f u l l  r a n g e  o f  f o u r  taps b e f o r e  t h e  p u l s e  
l o g i c  i s  a c t i v a t e d  to add o r  d e l e t e  a c l o c k  p u l s e .  Once 
t h e  p u l s e  l o g i c  i s  a c t i v a t e d ,  t h e  d e l a y  l i n e  t a p  s e t t i n g  
r e v e r t s  to i t s  o r i g i n a l  s t a t e .  T h i s  p r o c e s s  i s  r e p e a t e d  
u n t i l  t h e  phase  e r r o r  b e t w e e n  t h e  t r a c k e r  and r e c e i v e d  f i n e  
t o n e s  can  be  compensated e n t i r e l y  by t h e  d e l a y  l i n e .  Thus,  
when t h e  e r r o r  v o l t a g e  i s  reduced  to z e r o ,  t h e  d i v i d e r  s t a g e s  
o f  t h e  f i n e  t o n e  loop  and t h e  d e l a y  l i n e  t a p  a r e  set  c o r r e c t -  
l y  so  t h a t  t h e  t r a c k e r  f i n e  t o n e  i s  in-phase  w i t h  t h e  
r e c e i v e d  f i n e  t o n e .  

8 .  Data Good Test  ( F i n e  Tone) 

I n  o r d e r  t o  v e r i f y  t h a t  t h e  r e c e i v e d  f i n e  t o n e  
i s  s t i l l  p r e s e n t  and t h a t  fa l se  l o c k  of  t h e  f i n e  t o n e  has 
n o t  o c c u r r e d ,  a data  good t e s t  of t h e  f i n e  t o n e  i s  per formed 
upon command from t h e  programmer. The data  good t e s t  conf ig -  
u r a t i o n  i s  shown i n  F i g u r e  5.  

As a P l r s t  s t e p  the progra~~er d i s a b l e s  t h e  f ize  t m e  
t r a c k i n g  l o o p .  The t r a c k e r  3 1 . 6  kHz Q f i n e  t o n e  s i g n a l  t h e n  
i s  s e l e c t e d  f o r  + 1 / 1 6  c y c l e  phase modu la t ion  a t  t h e  e a r l y /  
l a t e  g a t e .  S i n c e  t h i s  s i g n a l  i s  90° out-of-phase w i t h  t h e  
31 .6  kHz I s i g n a l  u sed  for l o c k i n g  up t h e  f i n e  t o n e  l o o p ,  a 
maximum a m p l i t u d e  e r r o r  s i g n a l  a t  5 . 2 7  kHz i s  g e n e r a t e d  a t  
t h e  o u t p u t  o f  t h e  r e c e i v e r  g a t e .  

The programmer s e l e c t s  t h e  5 . 2 7  kHz r e f e r e n c e  i n p u t  
t o  t h e  p r o d u c t  d e t e c t o r  as shown i n  F i g u r e  5 .  The a m p l i t u d e  
of t h e  e r r o r  s i g n a l  i s  c o h e r e n t l y  d e r i v e d  a t  t h e  p r o d u c t  
d e t e c t o r .  
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I f  t h e  t r a c k e r  f i n e  t o n e  i s  c o r r e c t l y  locked  to 
t h e  r e c e i v e  f i n e  t o n e  a p o s i t i v e  DC v o l t a g e  i s  g e n e r a t e d  
a t  t h e  o u t p u t  of  t h e  low p a s s  f i l t e r .  The v o l t a g e  exceeds  
t h e  p o s i t i v e  v o l t a g e  t h r e s h o l d  s e t t r n g  o f  t h e  good t r a c k  
d e t e c t o r .  T h i s  r e s u l t s  i n  a good t r a c k  o u t p u t  s i g n a l  to 
t h e  programmer and a d a t a  good s i g n a l  to t h e  computer .  

I f  t h e  t r a c k e r  f i n e  t o n e  i s  f a l s e  locked  to t h e  
r e c e i v e d  f i n e  t o n e ,  a n e g a t i v e  DC v o l t a g e  i s  g e n e r a t e d  a t  
t h e  o u t p u t  of t h e  low pass f i l t e r  and t h u s  t h e  p o s i t i v e  
v o l t a g e  t h r e s h o l d  s e t t i n g  of  t h e  good t r a c k  d e t e c t o r  cannot  
b e  exceeded .  S i n c e  a good t r a c k  s i g n a l  i s  n o t  g e n e r a t e d  i n  
t h e  a l l o t t e d  t i m e  i n t e r v a l  t h e  sys tem i s  c l e a r e d ,  and re -  
s t a r t  o f  t h e  a c q u i s i t i o n  sequence i s  n e c e s s a r y .  

C .  Data Output  

Once t h e  f i n e  t o n e  l o o p  i s  p r o p e r 1  t r a c k i n g ,  t h e  
data  o u t p u t  p o r t i o n  o f  t h e  DRG ( s e e  F i g u r e  1 3 can feed r a n g e  
data  to t h e  e x t e r n a l  d i s p l a y  and computer .  F i r s t  t he  i n t e r n a l  
d i s p l a y  c o u n t e r  and computer o u t p u t  r e g i s t e r  are  c l e a r e d .  The 
s t a t e  of  t h e  r ange  t o n e  g e n e r a t o r  13 - s t age  b i n a r y  d i v i d e r  c h a i n  
i s  c o n t i n u a l l y  mon i to red  by t h e  r e c o g n i t i o n  g a t e .  When t h e  
1 3 - s t a g e  b i n a r y  d i v i d e r  c h a i n  p a s s e s  t h r o u g h  a p a r t i c u l a r  
s t a t e ,  i . e .  a p rede te rmined  13 b i t  sequence  which a l l o w s  f o r  
s u b t r a c t i o n  of  c o a r s e  equipment d e l a y ,  t h e  r e c o g n i t i o n  g a t e  
p u l s e s  t h e  t r a n s f e r  g a t e .  The s t a t e  o f  t h e  t r a c k e r  d i v i d e r  
c h a i n  ( 1 5  b i t s )  i s  sampled at t h i s  i n s t a n t  p rov ided  t h e  t r a n s -  
f e r  g a t e  r e c e i v e s  a command from t h e  programmer. 

The sampled data i s  f e d  to t h e  i n t e r n a l  d i s p l a y  
c o u n t e r  where t h e  r a n g e  number i s  down counted  to s u b t r a c t  
f i n e  equipment d e l a y .  Thus,  t h e  a c t u a l  r a n g e  number co r -  
r e s p o n d i n g  to round t r i p  p r o p a g a t i o n  t i m e  i s  s t o r e d  i n  t h e  
i n t e r n a l  d i s p l a y  c o u n t e r .  A data  good t e s t  i s  performed a t  
t h i s  t i m e .  P rov ided  t h e  t e s t  r e s u l t  i s  s a t i s f a c t o r y ,  t h e  
r a n g e  number i s  "dumped" a t  a 31.6 kBPS r a t e  v i a  t h e  d i s p l a y  
o u t p u t  to t h e  e x t e r n a l  d i s p l a y  where it i s  p r e s e n t e d  v i s u a l l y .  
Each o u t p u t  p u l s e  to t h e  d i s p l a y  c o r r e s p o n d s  t o  a 0 . 0 1  n .  m i l e  
r a n g e  Inc remen t .  The e x t e r n a l  d f s p i a y  i s  ---- up-dated by 5nci.e- 
m e n t a l  d i s p l a y  p u l s e s  d e r i v e d  from t h e  f i n e  t o n e  t r a c k i n g  
l o o p .  

A data good s i g n a l  i s  t h e n  s e n t  to t h e  computer t o  
i n i t i a t e  r a n g e  r e a d o u t  t o  t h e  computer .  Upon l f ece ip t  o f  a 
computer  r a n g e  s t r o b e ,  t h e  data o u t p u t  c f r c u E t r y  of" the DRG 
i s  a c t i v a t e d .  The i n t e r n a l  d i s p l a y  down c o u n t e r  and  computer 
o u t p u t  reg is te r  are c l e a r e d .  A r a n g e  number c15 b i t s )  f rom 
t h e  t r a c k e r  i s  t r a n s f e r r e d  t o  t h e  i n t e r n a l  d i s p l a y  c o u n t e r  
i n  acco rdance  w i t h  t h e  p rocedure  d e s c r i b e d  above.  Again the 
r a n g e  number i s  down-counted to s u b t r a c t  f i n e  equipment d e l a y .  



BELLCOMM. INC. - 11 - 

The a c t u a l  r ange  number i s  t h e n  t r a n s f e r r e d  t o  t h e  computer 
o u t p u t  r e g i s t e r .  A da ta  good t e s t  i s  per formed a t  t h i s  t i m e .  
P rov ided  t h e  t e s t  r e s u l t  i s  s a t i s f a c t o r y  t h e  command r e a d o u t  
from t h e  computer ,  c o n s i s t i n g  of  15 p u l s e s  a t  a 3 . 2  k B P S  r a t e ,  
c l o c k s  o u t  t h e  15 b i t s  o f  range  data  t o  t h e  computer .  T h i s  
p r o c e s s  i s  r e p e a t e d  a t  a r a t e  o f  one measurement p e r  minute  
to p r o v i d e  r ange  r e a d o u t  data to t h e  computer .  

111. Range Tone T i > a n s f e r  Assembly (RTTA) 

t r a n s c e i v e r  and RTTA (see F i g u r e  2 ) .  Two t r a n s p o n d e r  l o o p s  
a r e  p r o v i d e d  i n  t h e  RTTA. One loop  i s  u t i l i z e d  t o  d e t e c t  
and r e s h a p e  e i t h e r  t h e  m i d  t o n e  o r  t h e  m i d  and c o a r s e  t o n e  
f o r  key ing  t h e  LM t r a n s m i t t e r .  The o t h e r  loop  i s  u t i l i z e d  
t o  phase  l o c k  a l o c a l l y  g e n e r a t e d  f i n e  t o n e  t o  t he  r e c e i v e d  
f i n e  t o n e  s o  t h a t  a r e l a t i v e l y  n o i s e - f r e e  f i n e  t o n e  can  be 
t r a n s m i t t e d  on t h e  r e t u r n  l i n k  to t h e  CSM. 

The LM VHF r a n g i n g  t r a n s p o n d e r  c o n s i s t s  of  t h e  VJ3F 

S e l e c t i o n  of  t h e  p r o p e r  loop  and a c t i v a t i o n  of  t h e  
e a r l y / l a t e  g a t e  i n  t h e  LM r a n g i n g  t r a n s p o n d e r  a r e  c o n t r o l l e d  
by t h e  s i g n a l  s e n s o r  as  summarized i n  T a b l e  I V .  

T a b l e  I V  S i g n a l  Senso r  LoRir: F u n c t i o n s  

LM Rece ives  Loop S e l e c t  E a r l y / L a t e  Gate 
No Ranging Tone F i n e  A c t i v a t e  
Mid Tone Mid D e - a c t i v a t e  

Mid and Coarse  Tone Mid D e - a c t i v a t e  
F i n e  Tone F i n e  A c t i v a t e  

P r i o r  t o  r e c e p t i o n  o f  r a n g i n g  t o n e s  a t  t h e  LM, t h e  
s i g n a l  s e n s o r  does  n o t  d e t e c t  e n e r g y  a t  t h e  3 .95 kHz f r e q u e n c y .  
The s i g n a l  s e n s o r  a c t i v a t e s  t h e  LM r e c e i v e r  e a r l y / l a t e  g a t e  
a n a  s e i e c t s  t h e  i o c a i i y  generated rlne t o n e  for modulatioi? 
o f  t h e  l i n k  t o  t h e  CSM ( s e e  T a b l e  I V )  i n  o r d e r  t o  m a i n t a i n  t h e  
50% RF d u t y  c y c l e .  S i n c e  t r a n s m i s s i o n  of  r a n g i n g  t o n e s  t o  t h e  
LM and a c q u i s i t i o n  o f  t h e s e  t o n e s  h a s  n o t  been i n i t i a t e d  a t  
t h e  CSM, t h e  DRG i g n o r e s  t h e  r e c e i v e d  f i n e  t o n e  from t h e  LM 
and  e r r o n e o u s  r a n g e  d a t a  i s  n o t  produced .  

Once t h e  a c q u i s i t i o n  sequence  i s  i n i t i a t e d  a t  t h e  
CSM, t h e  LM f i r s t  r e c e i v e s  t h e  m i d  t o n e  f o r  a p e r i o d  o f  2 
s econds  ( s e e  T a b l e  111). D e s p i t e  t h e  e f f e c t  o f  t h e  a c t i v e  LM 
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r e c e i v e r  g a t e ,  t h e  s i g n a l  s e n s o r  d e t e c t s  ene rgy  a t  t h e  3 . 9 5  
kHz mid t o n e  f r e q u e n c y .  The s e n s o r  pe r fo rms  t h e  3-ogic shown 

. i n  Tab le  I V .  Thus,  t h e  m i d  t o n e  i s  s imply  r e shaped  and t r a n s -  
m i t t e d  to t h e  CSM. 

The mid and c o a r s e  t o n e  i s  r e c e i v e d  a t  t h e  LM f o r  
t h e  s u c c e e d i n g  4 second i n t e r v a l .  S i n c e  a l a r g e  p r o t i o n  of  
t h e  s i g n a l  ene rgy  can  pass t h e  3 .95  kHz f i l t e r ,  t h e  s i g n a l  
s e n s o r  m a i n t a i n s  t h e  e x i s t i n g  c o n f i g u r a t i o n  d u r i n g  t h i s  t i m e  
i n t e r v a l  as shown i n  Tab le  I V .  Thus,  t h e  mid and c o a r s e  
t o n e  i s  r e shaped  and r e p e a t e d  on t h e  r e t u r n  l i n k  to t h e  CSM. 

A t  t h e  c o n c l u s i o n  o f  t h i s  i n t e r v a l  t h e  f i n e  t o n e  i s  
r e c e i v e d  a t  t h e  LM. 
a t  3 .95  kHz, and it t h e r e f o r e  a c t i v a t e s  t h e  e a r l y / l a t e  g a t e  
and s e l e c t s  t h e  l o c a l l y  g e n e r a t e d  f i n e  t o n e  f o r  t r a n s m i s s i o n  
to t h e  CSM. The ga te  d e r i v e s  a n  e r r o r  s i g n a l  i n  t h e  e x a c t  
manner as t h a t  d e s c r i b e d  i n  S e c t i o n  11. S i n c e  t h e  l o c a l l y  
g e n e r a t e d  f i n e  t o n e  f r equency  i s  s l i g h t l y  d i f f e r e n t  from t h e  
r e c e i v e d  f i n e  t o n e  f r e q u e n c y  a p e r i o d  o f  2 seconds  i s  a l lowed 
f o r  lock-up o f  t h e  LM f i n e  t o n e  t r a c k i n g  loop  i n  t h e  RTTA. 
Due to t h e  d i f f e r e n c e  i n  f r e q u e n c v ,  t h e  two waveforms g rad -  
u a l l y  d r i f t  i n t o  an in-phase  c o n d i t i o n .  When t h i s  o c c u r s ,  
t h e  t r a c k i n g  loop  e r r o r  s i g n a l  nhase  l o c k s  t h e  l o c a l l y  
g e n e r a t e d  f i n e  t o m  t o  t h e  r e c e i v e  f i n e  t o n e .  Thus,  a coher -  
e n t  syskern i s  e s t a b l i s h e d  to r e g e n e r a t e  t h e  f i n e  t o n e  a t  t h e  
LM . 

The s i g n a l  s e n s o r  no l o n g e r  d e t e c t s  ene rgy  

A t  t h e  c o n c l u s i o n  o f  t h i s  t i m e  i n t e r v a l ,  t h e  DRG 
programmer i n  t h e  C S M  e n a b l e s  t h e  DRG f i n e  t o n e  t r a c k i n g  
l o o p .  I f  t h e  RTTA l o o p ,  i n  f a c t ,  i s  locked  up ,  t h e  DRG f i n e  
t o n e  t r a c k i n g  l o o p  can lock-up c o r r e c t l y  and v a l i d  r a n g e  data 
can  b e  o b t a i n e d .  

If t h e  RTTA loop  d i d  n o t  l o c k  up d u r i n g  i t s  a l l o c a t e d  
t i m e  i n t e r v a l ,  i t s  t r a n s m i t t e d  f i n e  t o n e  f r e q u e n c y  i s  n o t  
c o h e r e n t  w i t h  t h e  DRG t r a c k e r  f i n e  t o n e  f r e q u e n c y .  T h i s  con- 
d i t i o n  c a u s e s  an  e x c e s s i v e  r a t e  of c o r r e c t i o n  p u l s e s  t o  be 
g e n e r a t e d  i n  t h e  DRG f i n e  t o n e  t r a c k i n g  loop  as it a t t empt s  
t o  t r a c k  t h e  r e c e i v e d  non-coherent  f i n e  t o n e .  An e x c e s s i v e  
r a t e  of  c o r r e c t i o n  p u l s e s ,  which would be i n t e r p r e t e d  as a 
large r a n g e  r a t e ,  r e s u l t s  i n  a u t o m a t i c  c l e a r i n g  of t h e  sys t em 
(see S e c t i o n  11) and t h e  a c q u i s i t i o n  sequence must be re-  
i n i t i a t e d  t o  o b t a i n  r ange  d a t a .  
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IV. Concluding Remarks 

The system description presented in this memorandum 
attempts t o  delineate the gross operation of the Apollo VHF 
ranging system as it is presently conceived. Additional 
information on the theory of operation of this system is 
available from the author. 

2034-KHS-dlb K. H. Schmid 

Attachment 
Figures 1 through 7 
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